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Abstract 
The ceramic industry has witnessed fast growth in emerging and developing countries primarily due to growth in power, construction and 
housing sectors. The production of ceramic products can be divided in to two distinct phases: pre-kiln operations and post-kiln operations. The 
rejections in pre-kiln operations can be pushed back into the process without much loss to the environment. However, the post-kiln rejections 
cannot be recycled. Also, most of the energy is spent in the kiln process leading to high damage to environment. This paper presents a case 
study of ceramic industry to reduce the post-kiln rejections in the manufacturing of insulators for power sector. Ishikawa diagrams have been 
used to find the root causes of various rejections in post-kiln operations. The implementation of simple kaizens has led to more than 40% 
reduction in post-kiln rejections thus saving energy and loss to environment. 
 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of Assembly Technology and Factory Management/Technische Universität Berlin. 
Keywords:Defect reduction; root cause analysis; lean practices; productivity 
1. Introduction 
In today’s competitive market, where profit margins are 
small and resources costly, manufacturing industry has 
consciously started looking for ways to improve the efficiency 
of production. In this context, implementation of a 
manufacturing strategy which focuses on reduction of waste 
during production, and promotes reuse and recycling of 
finished products has a great impact on product quality, 
equipment availability, environment, and overall productivity 
[1].  
In India, the ceramic industry has witnessed fast growth in 
demand primarily due to growth in construction and housing 
sector. This has led to burgeoning demand for sanitary ware, 
floor and wall tiles [2]. Ongoing reforms in the power sector 
and expansion of distribution of infrastructure has resulted in 
demand for insulators, especially high tension insulators 
(33kVA and above). This is likely to represent a captive 
market that is expected to grow steadily for at least 5-10 years 
[3, 4]. The major problems faced by these labour intensive 
industries are irrational industrial structure, over volume of 
low class products and large rejections. Similar results were 
obtained in a research related to the Chinese ceramic industry 
taken up by Li [1]. Li [1] also mentions that the concentration 
extent of the ceramic industry in China is low, and 
competition is fierce, so profitable capability of the enterprise 
holds key importance for the development of companies. 
Some of the problems faced by the ceramic industry may be 
sorted by reducing rejections. 
    The production of ceramic products can be dividing in to 
three distinct phases - pre-kiln, kiln and post-kiln operations. 
Defects and consequent rejects in the pre-kiln operations can 
be pushed back and recycled as the material is in semi-solid 
state. However, post-kiln rejections of ceramic cause 
sustainability issues because (i) the post-kiln ceramic can not 
be worked upon to remove the defect, (ii) post-kiln ceramic 
are non-recyclable, (iii) more than 90% of process energy is 
consumed in pre-kiln and kiln operations which gets wasted. 
This causes waste disposal problems as well as the 
environment problems as most of the energy is spent in pre-
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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kiln and kiln operations. This provides the motivation for the 
study to reduce the post-kiln rejections by finding the root 
causes and applying the kaizens to remove the causes of the 
rejections.     This paper reviews the current situation at the 
case company in terms of different types of post-kiln 
rejections which have economic, social and environmental 
impact.  
The paper is structures as: next section focuses 
implementation of kaizen in a case organization. Section 3 
explains the defect waste analysis in the post-kiln process to 
reduce the rejections. Section 4 discusses the results obtained 
and the conclusions are presented in section 5.  
2. Case Study 
The XXX organization is a premier unit in the field of 
manufacturing high voltage and extra high voltage alumina 
porcelain insulators required for transmission lines, 
distribution lines, sub-stations, railway electrification, 
electrical switch gears, etc. It was set up in 1985 and presently 
company is producing 1550 metric tonnes (MT) per month of 
insulators with an annual turnover of 50 million USD and 
2500 employees. It manufactures insulators in the range of 
33KV to 1200 KV. It is an ISO certified company and is 
renowned for the initiative in its R&D, product quality and 
customer satisfaction. The main products of the organization 
are hollow insulators, solid core insulators, long rod 
insulators, and railway insulators. Company is struggling to 
fulfil the demands of the customers due to high rejection rate 
in the post-kiln operations. It has started many manufacturing 
strategies/tools and techniques to control the rejection rates. 
A cross-functional team was formed to analyse the 
processes, to find the main rejections, to suggest the root 
causes of rejections and to implement the kaizens to reduce 
the main rejections. The team includes Production Planning 
Control (PPC) personnel, champion, managers, supervisors, 
quality inspectors, and operators . The members of the team 
were drawn from various functions at different hierarchy. The 
team coined a goal “increase productivity, quality and 
decrease the defects to meet fluctuating customer demand”.  
 Next step was the selection of the critical product of the 
company for the pilot project. Data of all four types of 
insulators (solid core, railways, long rod, and hollow) were 
recorded based on the volume of production, cost of poor 
quality (COPQ) and amount of revenue generated. The in-
process average monthly rejections of all types of insulators 
resulted in COPQ of roughly 45000 USD per annum. The 
average COPQ for various insulators was 59.20% (Solid 
Core), 30.14% (Long Rod), 09.69% (Hollow) and 0.97% 
(Railway) recorded ., The solid core insulator has maximum 
COPQ due to high rejections, so, this product was chosen for 
pilot project. Further, operationwise rejection data was 
obtained for solid core insulator to know the contribution of 
various defects. 
Ceramic production flow 
The production process of ceramic insulators was 
understood and a process sequence was created as shown in 
figure 1.  
 
Figure 1: Production process for the insulators 
The processes to manufacture a solid core insulator were 
categorized into three phases namely; pre-kiln, kiln and post-
kiln processes. The pre-kiln process starts with ball milling 
where two types of mixtures are prepared namely bauxite and 
non-bauxite by mixing of raw material and water for further 
processing. The liquid mix product (slurry) from this stage 
travels in mixing tank for ratio control where semi solid scrap 
(scrap reuse from downstream activities) is also added. There 
is separate line to collect the semi solid scrap from different 
processes of pre-kiln stage. There is one scrap mixing tank at 
shaper department and through pipes scrap travels back to the 
fresh mixing tank. One footer machine is connected through 
an underground belt conveyor system to the scrap mixing 
tank. The slurry so collected goes to filter pressing after 
passing through the sieving & ferro-filtration to remove the 
water. In filter press, cakes are prepared by removing water 
from slurry and then cakes go in to pug milling where pugs are 
formed by extrusion.  
Pre-Electric Driers (PED) are used to reduce the moisture 
in the pugs to a particular value before the shaping process. 
Pugs are turned on lathe machines to give them the required 
shape followed by drying operation to remove the moisture 
content of the turned insulators for giving them strength. The 
glazing and gravelling department consists of four processes – 
dry finishing, dipping, gravelling, and shifting. The last 
process of the semisolid product or pre-kiln operation is the 
kiln loading in the cars for heat treatment in the kiln. Any 
scrap up to semisolid state can be reused in the blunger. 
Next the insulators are fired in the kiln. The post-kiln 
process constitutes the irreversible solidification of these 
insulators by heating and transfer to the cutting and grinding 
department where the ends of the fired insulators are cut to 
their proper length and grinded for easy manual handling. 
Ultra-sonic testing is done after grinding. Grinded insulators 
then goes to assembly department where the rest of the 
processes (cement curing, application of fixtures at the ends, 
and attaching of two or more insulators together according to 
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requirement) are carried out. The insulators are tested and 
finally inspected. Parallelism, eccentricity, visual defects, full 
dimension, and production specific requirement tests are 
carried out during the final inspection. The quality control 
passed insulators are packed in break proof wooden packs. 
The last process is loading and dispatching by the marketing 
department to the customers. 
3. Rejection Analysis in Post-kiln Processes 
During the analysis of the current situation of the 
processes, the defect wastes were identified at each 
process/workstation. Post-kiln rejections are very important, 
as in pre-kiln stage all the insulators are in a semi-solid phase 
and any waste or defective insulator can be pushed back into 
the system for recycling.  
After the kiln operation the insulators take a complete solid 
form and any waste after this goes into the dumpster resulting 
in a direct loss for the company. It has been also observed that 
in kiln operation approximately 60% of overall manufacturing 
cost is associated so post kiln defects analysis has given 
highest priority due to huge cost involvement.  
In each process Pareto chart analysis has been done to 
know the monthly average rejection trends for different types 
of defects in the post-kiln operations as shown in tables 1.  
Root Cause Analysis (RCA) or Ishikawa diagram is a 
reliable method to reduce defects and hence enhance 
productivity and quality. It is relatively easy to implement and 
has been used formally and informally in industry for problem 
solving [5,6]. RCA is a group activity which leads to high 
employee involvement, and innovative solutions. The concept 
of RCA was originally developed by Sakichi Toyoda in 1958, 
who developed a process called the “Five Whys” to 
understand potential cause for problem beyond what was 
immediately obvious.  According to Romano et al. [7], “Five 
Whys” was one of the RCA earliest models and it simply 
seeks to ask “why” five times until the main cause of the 
problem is revealed. RCA is a tool used for identifying 
various types of waste in lean manufacturing [8] and has been 
used by Bhamu et al [9] for productivity and quality 
improvements.  
Root cause analysis was carried out for each rejection to 
find the corrective action. Figure 2 shows the root cause 
analysis for one defect waste i.e.  'INBT/INST/Cement Cavity' 
waste. Similar root cause analyses were performed for all 
other types of defects/wastes.  
 
Table 1: Defects analysis in post kiln rejections 
Rejection reason Monthly average 
rejection (MT) 
Percentage Cumulative  
% 
Handling/Chipping 0.234 41.20 41.20 
Inside Bottom (INBT) 
/Inside Top (INST)  
0.139 24.47 65.67 
Iron and Foreign 
Material (FM)  
0.073 12.85 78.52 
Broken 0.046 08.10 86.62 
Inside Dia-
Crack/Surface Crack 
(IDC/SFC) 
0.043 07.57 94.19 
Cavity in Neck 0.033 05.81 100 
Total 0.568 100  
3.1 Root cause analysis and actions to reduce the major 
defects  
 
Ishikawa diagrams have been drawn for rejections in each 
process One such diagram for the INBT/INST/Cement cavity 
rejection is shown in figure 2. Rejections reasons and actions 
were taken accordingly which are listed in the tables 2 and 3. 
The major rejection were: INBT/INST & cement cavity 
rejection, Handling/Chipping rejection, Iron and Foreign 
Material (FM) rejection, broken and IDCR/SFC rejection. 
 
3.2   Kaizen Initiatives 
 
A number of actions were taken to improve the 
performance through implementing various kaizens in the 
manufacturing system other than mentioned in the previous 
section. Some of them are as follows: 
x The filter presses were kept on for random hours, from 3 
hrs to 3.5 hrs. It was suggested to have a digital clock and a 
siren installed on each filter press to ensure it does not 
over-run. The floor repaired at some places to make it 
uniform for making movement of pallet trucks smooth so 
that defect reduction is possible. 
 
x After PED, the pugs were kept in the pug yard for a certain 
interval of time with proper covering of insulators by 
Polythene. This step was removed and pugs are directly 
transferred to the dryer after shaping (defect reduction in 
handling). 
x Previously the liquid glaze was cleaned by using a pump 
and pumping the glaze out of the tank through a sieve. 
Then the pump was again used to transfer the liquid back 
into the tank. Instead of following this, the liquid glaze is 
allowed to fall by gravity through a sieve, and then a pump 
is used to transfer the glaze back to the tank. This helped in 
reduction of one of the pumps and hence save the power 
used by it (energy saving). 
x The inclination of the conveyor from the ground was large 
due to which a lot of cakes keep used to fall down and 
rejected. Present conveyor system was replaced with a 
hydraulic operated lift system which requires lesser energy 
and processing time. It also reduced one operator from the 
process. 
x When transferring from the kiln, the cars were pushed with 
the aid of a rope. Many times this rope gets broken 
resulting in damage to the insulators due to jerk. This was 
replaced with two wire ropes. 
x Providing extra beam guider in the top of the extra large 
hollow epoxy assembly area in such a manner that it 
arrests vibration during crane movement and hence reduces 
chipping of extra large insulators results increases workers 
confidence and satisfaction. 
x Applied polythene sheet during bituminous painting 
between insulators and there by arrested the extra spillage 
of paint. 
x Pallet truck painted with a unique number to detect the 
breakdown frequency. 
x To reduce the sieving time/wastage due to over flow. Use 
60 in place of 48 inch screen in a bauxite body. 
621 Jaiprakash Bhamu and Kuldip Singh Sangwan /  Procedia CIRP  26 ( 2015 )  618 – 623 
 
Figure 2: Ishikawa diagram for INBT/INST/Cement Cavity defect rejections 
3.3. Other general improvement initiatives 
x Autonomous maintenance was started which is basically 
maintenance performed by the machine operator rather 
than the maintenance staff. It includes the seven steps -
initial cleaning, preventive cleaning measure, development 
of lubrication and cleaning standards, general inspection, 
autonomous inspection, Process discipline, and 
independent autonomous maintenance (Source: 
http://elsmar.com/ Planned Maintenance/sld033). 
Autonomous maintenance was done in three workstations 
as per first schedule were; the machines C&G section, the 
machines in the shaping section, and the machines in the 
testing section.  
x The importance of human resources in the kaizen 
implementation is very crucial. In particular, involvement 
of workers in the continuous quality improvement 
programs, expansion of their autonomy and responsibility, 
the presence of multifunctional workers have all, been 
crucial for improvements in the firms’ performances. So in 
order to promote employee contributions and to increase 
their empowerment and responsibility, company 
moderately invested in employee training, as a means to 
impart them multitasking capabilities. In turn, it also 
helped to boost the morale of the employees by providing 
them a sense of autonomy and responsibility. In the XXX, 
shop floor supervisors were extensively trained to identify 
bottlenecks and take corrective actions to reduce the scrap 
and rework. 
x Workers angry with their supervisors sometimes vent out 
their frustration by slyly destroying a freshly shaped 
insulator. This causes unwanted loss to the company. 
Installation of Close Circuit Televisions (CCTVs) helped 
to avoid this problem plus it instils fear in the workers 
minds that they are being watched. 
4. Results  
The information collected before and after kaizen 
implementation is compared to show improvements in 
performance parameters. This section also shows the 
improvements and net financial savings to the company due to 
kaizens. Some of the performance parameter improvements 
are given below: 
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Table 2: Action plans to remove INBT/INST rejections  
  
Reasons Actions 
Man 
1. Improper tightening of bolts at testing 
2. No use of spring washer 
3. Unskilled men in towel application 
4. Unskilled men in cement preparation 
5. Use of extra cork sheets 
6. Unloading with Jerk 
1. Awareness given to testing and assembly workers for testing procedure, 
injection process  
2. Witnesses in critical processes 
3. Rejection follow up and analysis 
4. Monitoring of critical process 
5. Unloading on rubber sheet 
Machine 
1. Table is not clamped to the foundation 
2. Load variation in machine and computer 
3. Air bubble in injection machine 
4. Condition of cement preparation machine and bowl 
1. Checking of machine before starting the shift 
2. Testing procedure awareness generated 
3. Regular maintenance schedule has been started for cement preparation 
machine and bowl 
Method 
1. Testing before due date 
2. Proper spring washer is not used 
3. No proper air curing 
4. No proper time for unloading of insulator's from jig 
5. Improper injecting 
6.\Wwet rope not tied properly  
7. Proper and timely wet towel covering is not there 
8. Cutting surface and chamfering is not proper 
1. Information of correct process to be displayed in concerned departments 
2. Spring washers to be changed at regular interval 
3. Proper repairing checking is also implemented 
4. Work instruction has been displayed at shop floor 
5. Injecting from lower hole 
6. Awareness given to the all contractors as well as worker about wet towel 
covering & proper rope tightening before injecting 
Materials 
1. No homogenous mixing of Cement mixture 
2. Lumps in cement bags. 
3. Extra water addition in cement mixture. 
4. Cork sheet thickness and Bituminous paint quality 
1. Min. 10 min. for mixing of cement  
2. Continuous stirring of cement by wooden plank at the time of injection. 
3. 100% incoming inspection 
 
 
Table 3: Action plans to remove other post kiln rejections  
 Reasons Actions 
Broken rejection  
Method 1. Variation in cementing process 2. Invisible porcelain defect 
1. Plan to take trials with different process conditions and MP 
Iron and FM rejection  
Method 
1. No proper cleaning of bar magnets 
3.Cleaning frequency not adhered to schedule 
1. Water jet pressure should be increased 
2. Witness of magnet cleaning 
3. Checking of magnet cleaning after every shift instead of once a day 
Handling rejection  
Method 
1. Improper stacking of 33kVA solid cores and 
railway insulators 
2. Broken wooden planks (without stopper) 
3. Improper level of racks (due to broken legs) 
4. Careless running of loaded pallet cars 
1. Stacking of small items individually on racks, instead of pyramid 
stacking 
2. Removing all improper wooden planks from kiln sorting, C&G and 
assembly 
3. Broken racks are to be identified and repaired 
4. Shifting of semi-finished/finished goods in supervision and training to 
contractor 
IDCR/SFC rejection  
Method 
1. Proper size rubber ring not used 
2. Improper `O' ring placement 
3.Cement thickness variation 
4. Cement curing not proper 
5. Handling/Unloading without rubber sheet 
1. `O' ring inspection before testing and awareness to all testing workers 
2. Careful assembly of critical items and timely towel application 
3. Use of proper size rubber ring before assembly 
4. Weight input ratio displayed at shop floor 
5. Handling/unloading on rubber sheet 
 
(i) Defect reduction analysis in post-kiln processes 
 
A number of action/improvement initiatives have been 
taken as discussed in the section 3 to reduce the defect/ 
rejection rate. The outcomes of the improvements are shown 
in figures 3 and 4. Figure 3 shows that the handling/chipping 
rejections have reduced by 50% mainly due to the kaizens 
implemented in the handling of the insulators during loading 
in the kiln. All the six types of rejections have reduced from 
29% to 56% due to the actions taken as given in table 3. The 
material handling rejections during testing, assembly and 
cutting & grinding operations also reduced by 53%, 77% and 
25% respectively as shown in figure 4. 
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Figure 3: Rejection rate comparison after post kiln processes 
 
 
Figure 4: Material handling rejections 
Before kaizen strategy implementation, overall monthly 
post kiln rejections were 3.258 MT and after kaizen 
implementation it is 1.938 MT, i.e. an improvement of 
40.51%. These calculations are based on monthly average 
defects. 
 
(ii) Overall financial benefits reaped from kaizen 
initiatives 
 
The percentage reduction in defects and the financial 
savings gained through the kaizens in one financial year are 
shown in table 4. Table 5 below shows the overall financial 
gain of US $ 0.26 million in a financial year which is the sum 
of savings through defect reductions above plus gains through 
autonomous maintenance. 
Table 4: Defects reduction and financial saving from rejections in post kiln 
stage 
Project Name % Defects 
(Before 
kaizen) 
% Defects after 
one Year (kaizen 
Implementation) 
Actual saving of 
one  Year  (US 
$ million) 
To reduce Post 
Kiln rejection 
6.81% 1.11% 0.25 
Table 5: Overall financial benefits from improvement initiatives 
S. 
No 
Improvement Initiative  Actual saving in the financial 
year (US $ million) 
2 Saving through kaizen initiatives 
(Defects reduction) 
0.25 
3 Autonomous Maintenance 0.01 
 Total  Saving (US $ million) 0.26 
 
5. Conclusions  
This paper presents a case study of ceramic industry 
demonstrating the application of root cause analysis and 
kaizens to reduce post-kiln rejections. The implementation of 
kaizens reduced the post-kiln rejects by an average of 40.51% 
and cost saving of US $ 0.26 million per annum. This also 
reduces the waste disposal problem and energy consumption 
thereby reducing environmental, societal and economical 
burden. Qualitative benefits have also been observed in term 
of skill up-gradation, team work, multi skilling and improved 
morale of the employees.  
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